Animal welfare has become an important determinant of meat quality with poor animal temperament leading to huge economic losses to the meat industry due to carcass bruising and condemnation. Handling and transport of live animals is a stressful experience for animals. The temperaments of cattle affect their behaviour and differ between breeds, i.e. studies have shown that Bos indicus types are more temperamental than Sanga and Bos taurus types. Catecholamines (CAT's) are considered as indicators of stress, because higher concentrations of CAT's in brain tissue were noted in animals that are better adapted to stressful situations. In the present study, urinary CAT's of three beef breeds were determined immediately post mortem. Brahman cattle represented Bos indicus types, Simmentaler cattle represented Bos taurus types and Nguni cattle represented the Sanga type. Nguni steers showed higher urinary norepinephrine (NE) and epinephrine (E) concentrations than Brahman and Simmentaler steers. Simmentaler steers showed a higher concentration of urinary dopamine (DA) than Br and Ng. The results suggest that Nguni cattle are less stress sensitive compared to the other beef breeds studied. These observations may be due to the process of domestication and selection for specific genes that influence tameability and consequently resulting in a shift in circulating concentrations of urinary CAT's.
Introduction
Stress experienced by slaughter stock is unavoidable and animal welfare issues have become an important determinant of meat quality as perceived by the consumer. Transport, handling and mixing of animals from unfamiliar groups lead to stress (Ferguson & Warner, 2008) .
The fear response of cattle towards human handling is defined as their temperament (Fordyce et al., 1985; Petherick et al., 2003) . After transportation, cattle with higher temperament scores have more bruises along the back and around tuber coxae and tuber ischii areas leaving them with lower carcass grading scores (Fordyce et al., 1988b) . Any bruised tissue trimmed from a carcass reduces carcass weight and, in turn, decreases the economic return to the producer and yield to the processor. Removal of bruised tissue is time consuming and adds to labour costs. Rails become congested and moving production lines halted and thereby interrupting or reducing the throughput and efficiency of the plant (McNally & Warriss, 1996) .
Animals that display less fearful behaviour during routine handling and management are less likely to injure themselves and their handlers. The heritability of animal temperament is relatively high (h 2 = 0.45) (Lanier et al., 2000) ; therefore, selection for improved temperament or less fearful cattle, can facilitate both human (i.e. handler) and animal welfare (Ferguson & Warner, 2008) .
The evolutionary relationship between the two main types of cattle, the humped zebu (Bos indicus) and humpless taurine (Bos taurus), have been an active area of research to explain genetic differences between the two subspecies. Phylogenetic analyses and data from other disciplines provide the strongest evidence to date for independent domestications of zebu and taurine cattle. Although controversial, it seems Copyright resides with the authors in terms of the Creative Commons Attribution 2.5 South African Licence.
See: http://creativecommons.org/licenses/by/2.5/za/ Condition of use: The user may copy, distribute, transmit and adapt the work, but must recognise the authors and the South African Journal of Animal Science as if the Bos taurus subspecies has a longer domestication time line compared to Bos indicus (Loftus et al., 1994) . Cattle with more Brahman breeding, notably of the Bos indicus subtypes, have higher temperament scores compared to those with lower or no Brahman influence (Voisinet et al., 1997 (Payne, 1964) . Catecholamines (CAT's) are the neurotransmitters and hormones of the adrenomedullary, sympathoneuronal and brain catecholaminergic systems discovered at the beginning of the 20th century (Kvetnansky et al., 2009) . The discovery was based on experiments by Walter Cannon (1929) who described the importance of adrenal medullary secretions of "adrenaline" during various types of stimulation in animals and humans. The terms homeostasis and "fight-or-flight" were introduced to the scientific literature and are still being used today (Kvetnansky et al., 2009) .
In research on the domestication of wild rats, lower levels of whole brain norepinephrine (NE) were found in wild rats compared to domesticated rats (Cuomo-Benzo et al., 1977) . The researchers concluded that selection pressures have favoured a higher whole brain NE content in the domesticated rat, thus enabling it to perform effectively in laboratory test situations. Thus, domestication has resulted in significant increments in whole brain NE and epinephrine (E) content in rats (Cuomo-Benzo et al., 1977) . Two possible mechanisms were hypothesized. Significant increments in NE and E content in whole brain of domesticated rats could either be the result of an increase in the biosynthetic enzymes or a decrease in the degrading enzymes. Similarly, classic research regarding tameness and domestication of silver foxes shows that tameness in the presence of humans can be directly related to brain chemistry (Price, 1999) . Selection for tameness in foxes and rats influences the catecholamenergic system of the brain (Cuomo-Benzo et al., 1977; Price, 1999) . The aim of this study was to compare post mortem urinary CAT concentrations of three beef cattle breeds used in South Africa.
Materials and Methods
This project was approved by the Ethics Committee of the Agricultural Research Council (ARC). Steers from three beef breeds, Brahman (n = 60), Simmentaler (n = 60) and Nguni (n = 60) were purchased from a commercial farmer. All animals were treated in the same way during the growth and feeding period and fed the same feed. Initially the animals were kept on pastures at the ARC-AII research farm at Groblersdal, followed by fattening at the ARC-ANPI feedlot. Normal processing procedures were carried out on the animals (weighing and vaccination). The animals received implants (Revalor-S) as applied under normal South African feedlot conditions. All steers were housed in small pens holding 10 animals each with each animal having 10 m² area and 50 cm of feed-bunk space. Clean, fresh water was available ad libitum. After a 21 day adaptation period during which hay intake was decreased from 15% to 6%, all steers were fed a standard high concentrate diet (12 MJ/kg DM, 13.5 g CP/kg). Slaughtering and sampling took place at the Meat Science Centre of ARC-ANPI research abattoir. The animals were slaughtered at the specified A-age and fatness-class 2-3. In order to measure urinary CAT's, NE, E and dopamine (DA), urine was collected from the bladders with a syringe and needle, immediately after evisceration (approximately 12 minutes post mortem). Four millilitres of urine was mixed with 50 mL of concentrated HCl to stabilise and preserve urinary CAT's. After HCl was added, all samples were transported on ice to the laboratory and then stored at -70 ºC until analysis. At the time of analysis, the urine samples were sent to a local pathology laboratory (Ampath). Catecholamines were extracted from the urine samples by cation-exchange solid phase extraction and determined by using a high performance liquid chromatography method, as described by Gouarne et al. (2004) and briefly explained by Muchenje (2007) . Concentrations of CAT's are volume related and therefore creatinine adjusted concentrations were used in the statistical analysis. Data was analysed by multifactorial analysis of variance by means of the GLM procedure of SAS (2008) 
Results and Discussion
Urinary NE, E and DA concentrations for Br, Ng and Sm cattle are presented in Table 1 . Higher urinary catecholamine concentrations could indicate that an animal from a specific breed is more adaptable to interactions with humans and less fearful of animals, resulting in fewer carcasses getting bruised during transport and handling which will lead to higher meat quality. In comparison with the Brahman and Simmentaler, the highest (P <0.05) concentrations of urinary NE and E were measured for Nguni steers. Simmentaler steers had the highest concentrations of urinary DA (P <0.05) in comparison with Brahman and Nguni. From classic domestication studies with silver foxes and rats, animals with a possible longer history of domestication had higher CAT levels in the central and peripheral nervous system (Nikulina, 1990; Price, 1999) as was the case for the Nguni in this study. Simmentaler cattle, which is representative of the Bos taurus subspecies, was possibly domesticated at an earlier time line than Bos indicus cattle (Loftus et al., 1994) and also had higher concentrations of total urinary CAT's. Past research and the results of the present study suggest that the concentrations of CATs increased during the domestication of animals. Price (1999) described tameness towards humans and associated ease of handling as among the most important aspects of the domesticated phenotype. The historical development of Nguni cattle occurred in close association with the people of a tribe and in a kraal with other animals. This as well as its selection as a draught animal has resulted in a very docile breed with exceptionally good temperament (Bester et al., 2005) . Nguni cattle (Bos africanus / Sanga) developed by natural selection in a highly challenging environment. Brahman cattle have achieved acceptance for their environmental adaptability, longevity, mothering ability and efficient beef production, but has a bad reputation due to poor temperament. The Simmentaler is an influential breed whose history dates back to the Middle Ages. Early records indicate that the Simmentaler originated as a result of crosses between large German cattle and a smaller breed indigenous to Switzerland (Voisinet et al., 1997a) .
Catecholamines are not only involved in the domestication time line of an animal, but also in hyperactivity. Numerous animal studies showed the importance of NE in attention-related behaviours which involve search and exploratory activity, distractibility, response rate, discriminability and switching of attention (Anisman & Zacharko, 1986 from: Schaeffer et al., 2001 . When CAT synthesis is compromised, animals become less resistant to stress, developing an array of counterproductive behavioural (learned helplessness) and physiological changes. Such animals are unable to respond appropriately to stimuli and are unable to function normally, to the extent that even eating and sleeping are disturbed.
In humans, attention deficit hyperactivity disorder (ADHD) is a hyperkinetic disorder clinically characterized by inattentiveness, impulsivity and hyperactivity (Kopeckova et al., 2006) . According to Haller et al. (1998) , either an imbalance in E synthesis or α2-adrenoceptor number (or affinity) led to the development of ADHD and agents that increased brain NE, improved attention in rats. Kopeckova et al. (2006) explained that a dysfunction or imbalance between the dopaminergic and noradrenergic systems and alterations of DA / NE levels can result in hyperactivity.
Norepinephrine mechanisms are also involved in pain perception (Haller et al., 1998) and therefore it seems that the main role of NE release subsequent to the onset of a socially relevant stimulus is the establishment of both somatic and neural conditions that ensures maximal efficiency in coping during stressful situations (Haller et al., 1998) .
Both animal temperament (Lanier et al., 2000) and ADHD (Sontag et al., 2010) are medium to highly heritable. The enzyme responsible for the conversion of DA into NE is known as DBH, as was described earlier. The DBH protein is released in response to stimulation. DBH activity is derived mainly from sympathetic nerves and can be measured in human plasma. Galvin et al. (1995 Galvin et al. ( , 1997 measured decreased activities of DBH in serum and urine in patients with ADHD. Also, low DBH levels correlate indirectly with the seriousness of the hyperkinetic syndrome in children (Galvin et al., 1995; . Polymorphisms occur frequently in the DBH gene, the G444A, G910T, C1603T, C1912T, C-1021T, 5'-ins/del and TaqI. These polymorphisms may affect the function of gene products or modify gene expression and thus influence the progression of ADHD (Kopeckova et al., 2006) .
Conclusion
This study indicated that the urinary CAT's of three beef breeds that were determined immediately post mortem, differed. The tameness towards humans and associated ease of handling of Nguni cattle corresponds with its higher levels of urinary norepinephrine and epinephrine. Simmentaler steers had the highest concentrations of total urinary CAT's whereas Brahman steers had the lowest levels of CAT's. Concentrations of urinary CAT's differ between breeds and explain differences in stress responsiveness, temperament and susceptibility to carcass bruising. As genetic polymorphisms of genes have been described for the expression of, for example DBH, it seems as if the Nguni went through a long natural selection process for docility. It seems as if the Simmentaler (being Bos taurus with an earlier domestication) has a genetic disposition to produce more DBH. Based on the differences in the concentrations of urinary CAT's, it seems possible to identify genetic markers for the selection for better temperament and docility in beef cattle. Brahman cattle in particular have been described as a temperamental breed. Selection for the DBH gene may decrease the occurrence of bruised carcasses and improve meat quality. Increased tameness towards humans and handling may also be of importance from an animal welfare perspective.
